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Outline

• Introduction to Dam Overtopping

• Modeling Considerations

• General Considerations

• Design and Construction Considerations

• The Importance of Hiring a Qualified, Experienced 
Engineer

• Different Overtopping Protection Systems



References – FEMA Overtopping 
Protection Technical Manual

• https://www.fema.gov/media-library/assets/documents/97888

• Roller Compacted Concrete and Soil Cement
• Conventional or Mass Concrete
• Precast Concrete Blocks
• Gabions
• Vegetative Cover, Turf Reinforcement Mats, 

Synthetic Turf
• Flow-through Rockfill and Reinforced Rockfill
• Rip Rap
• Geomembrane Liners, Geocells, and Fabric-Formed

Concrete

https://www.fema.gov/media-library/assets/documents/97888


References - ASDSO Webinars

• https://www.damsafety.org/training-center

https://www.damsafety.org/training-center


Earthen Dam Overtopping

• Earthen Embankments, typically, consist of highly erodible material 
when subjected to significant flow depths, for a sustained period of 
time
– Earthen embankment are for holding back water, not conveying it.

• Many dams were not originally designed to pass the storm event 
currently required by their hazard classification.

• Absent overtopping protection, dams can be assumed to sustain 
significant damage or full breach when subjected to significant 
overtopping flow.

• Overtopping is the most common failure mode for earthen dam 
embankments
– Famous Examples



Vegetal Protection and Hardened Crests 
Offer Limited Protection

• Well maintained vegetation on uniform slopes, with no 
irregularities (slope changes, protrusions, defects), can 
provide some protection during overtopping, but should not 
be relied upon to prevent full breach. Requires immaculate 
maintenance.

• Asphalt or concrete crest can provide some level of 
protection, but should not be relied upon to prevent full 
breach.

• If overtopping occurs, or is imminent, on an unprotected 
embankment, best to assume that failure likely to occur, and 
activate emergency measures.
– Depth, duration will ultimately drive what happens.



Well Maintained Vegetation

• INSERT PHOTOS of WELL MAINTAINED SLOPES

Breach Process. USDA – ARS Research
1. Failure of Vegetal protection – development of concentrated flow
2. Concentrated flow surface erosion leading to the formation of a vertical, 

or near-vertical headcut
3. Downward and headward advance of headcut



Reasons to Consider Overtopping 
Protection

• MDE Dam Safety has classified dam as “Unsafe –
Hydraulically Inadequate”
– Design Storms

• Low Hazard – 100-year storm with Freeboard
• Significant Hazard – ½ PMF with Freeboard
• High Hazard – PMF with Freeboard

• Hazard creep

• Design storm change

• Hydrologic changes in contributing watershed

• Desire to protect assets



Background



The PMP, continued

Maryland
~27-28.5”
in 6 hours
DA < 10 mi2

~8.2” in 24 hr

~27.5” in 6 hours

~35.5” in 24 hours



Traditional Methods for Addressing 
Hydraulic Inadequacy

• Raising Dam

• Lowering permanent pool

• Increase Spillway Capacity

• Addition of auxiliary spillways

• Increase Storage Volume

• Some Combination of these



Considerations that limit traditional 
methods for addressing inadequacy

• Potential for Downstream Flooding

• Potential for Upstream Flooding

• Property and Topographical Constraints

• Practicality and Cost of other alternatives

• Stakeholder Consideration



Acceptance

• Generally inappropriate for frequent use
– Should be for storms <100 year storm

• Not to be used as primary spillway

• Other options should be considered

• Design appropriate for Hazard Class, size, flow 
conditions, embankment makeup, etc.



Type of Overtopping Protection



Failure Modes

Source: ASDSO Dam Overtopping Protection Systems Part 1



Selecting an Overtopping Protection



Flow Characteristics



Important Flow Characteristics to 
Determine

• Flow Depth

• Flow Velocity

• Shear Stress

• Flow Type

• EGL

• Hydraulic jump location



Selecting a Hydraulic Model

• Selecting Hydraulic Model
– 1-D
– 2-D
– 3-D



Non-flow Considerations

• Geology

• Slope Stability

• Seepage

• Dam “Guts”



Other Considerations



Preliminary Studies

• Goal – understand conditions of embankment, 
foundation, downstream areas and to develop 
appropriate geotechnical parameters for:
– Analyzing embankment slope stability and seepage 

conditions
– Estimating the bearing capacity of the foundation
– Providing analysis of filter compatibility
– Predicting settlement or heave

• Design drawings, studies, construction records, 
inspections, instrumentation, etc.



Subsurface Investigations

• Goal – determine subsurface strata and water levels in 
embankment and foundation, and to collect sample for lab testing
– Drilling test holes/test pits (requires permit)

• Logging and sampling
• Classify soils encountered, 

– Geophysics, other non-destructing testing
– Evaluate existing drain pipes
– Identify and locate underground utilities
– Others

• Permeability
• Consolidation tests
• Direct-shear or triaxial-shear testing
• Chemical testing
• Dispersion tests

– Scope will vary based on complexity of the dam embankment



???

Geologic Considerations



Slope Stability



Slope Stability Analyses

IMPORTANT:
Hire a qualified, licensed engineer 
with experience performing these 
analyses

Stability during construction, during normal loading, during max loading conditions.



Seepage



Seepage Analysis



Principal Spillway Condition



Filter Diaphragm/Drains



Utilities



Roller-Compacted Concrete

• Highest flow tolerance
• Non-proprietary
• Relative ease of design and construction

Design Guidance
• PCA, Design Manual for RCC Spillways and 

Overtopping Protection, 2002



Concrete Spillway
• Cracking

• Settlement

• Joint Deficiencies

• Adequate Underdrains



Concrete Spillways – Joints and Cracks



Oroville Example

https://water.ca.gov/Programs/State-Water-Project/SWP-Facilities/Oroville/Oroville-Spillways/Forensic-Team



Concrete Spillway Joints



Concrete Spillways - Cavitation



Precast Concrete Blocks

– Cable-tied

– Interlocking

– Overlapping

– Butt-jointed

*Proprietary

Design Guidance: 
• National Engineering Handbook Chapter 54, Articulated Concrete 

Block Armored Spillways
• National Concrete Masonry Association (NCMA), Design Manual for ACB

Revetment Systems



General Configuration



Example



ACB Design Limitations

Source: ASDSO Dam Overtopping Protection Systems Part 1



Concrete Block Toe Treatment

Source: ASDSO Dam Overtopping Protection Systems Part 1



Wedge Blocks

Design Guidance
• CIRIA, Design of Stepped Block Spillways

SP-142, 1997
• FHWA, Hydraulic Stability of ACB Revetment

Systems During Overtopping Flow, 1989



Example



Gabions



Gabions Example



Synthetic Turf Revetments - Hydroturf

Source: Watershed Geo. Used with permission



Synthetic Turf Revetments - Hydroturf

Source: Watershed Geo. Used with permission



Hydroturf Continued

Source: Watershed Geo. Used with permission



Takeaways

• Hire an experienced, qualified Engineer

• Pay attention to Manufacturers’ specifications and 
lab testing data

• Modification of a dam in Maryland requires a permit 
from Maryland Dam Safety
– This includes drilling
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